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© Liquid crystal display device and driving method therefor. 



© An input analog image signal is sampled by first 
and second A/D converters (15, 16), using first and 
second sampling clocks (SCK1.SCK2) of the same 
period, to obtain pieces of digital gradation data. In 
the case of a double definition display mode, the 
first and second sampling clocks (SCK1 ,SCK2) are 
made 180* out of phase with each other and the 
output of the first A/D converter (15) is delayed for 
one-half period, by which its timing is brought into 
agreement with that of the output of the second A/D 
converter (16). thus obtaining a pair of digital grada- 
tion data. In the case of a standard definition display 
mode, the first and second sampling clocks 
(SCK1 ,SCK2) of the same phase are used to obtain 



the outputs of the first and second A/D converters 
(15, 16) as a pair of digital gradation data. The pair 
of digital gradation data Da and Db is converted by a 
signal processing part (20) into a pair of analog 
gradation data Aa and Ab, which is subjected to a 
serial-to-parallel conversion by a source driver (13) 
to be supplied in parallel to data lines. In the double 
definition display mode the gate driver sequentially 
drives odd-numbered row lines in odd-numbered 
frames and even-numbered row lines in even-num- 
bered frames. In the standard definition display 
mode every two adjacent row lines are simulta- 
neously driven in a sequential order. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a multi-grada- 
tion liquid crystal display device which is capable 
of freely switching between a standard definition 
image display and a double definition image dis- 
play. The invention also pertains to a method for 
driving such a multi-gradation liquid crystal display 
device. 

Conventionally, a multi-gradation liquid crystal 
display device includes drivers for driving column 
lines (also referred to as source or data lines) and 
row lines (also referred to as gate lines) arranged in 
a two-dimensional matrix form in a display panel. 
An electric signal corresponding to image data of 
one row line is set in the source driver for driving 
the column lines. The row lines are selectively 
driven by the gate driver, while at the same time 
the above-mentioned electric signal is provided via 
the column lines from the source driver to all 
picture elements (each of which is a smallest dis- 
play unit defined by one of display electrodes 
arranged in a matrix form on the display panel) 
connected to. a selected one of the row lines; thus, 
gradation data is written. This operation is repeated 
for each of the row lines which are selected in a 
sequential order. 

Generally, analog image data is transferred to 
the source driver of the multi-gradation liquid cry- 
stal display device and stored in its memory after 
voltage level conversion and rearrangement for pic- 
ture elements. All pieces of image data for all 
picture elements to be connected to a selected one 
of row lines, thus set in the memory of the source 
driver, are simultaneously provided therefrom onto 
the column lines, and in synchronism with this, the 
row line concerned is selectively driven by the gate 
driver. During this period all pieces of image data 
for all picture elements to be connected to the next 
row line are transferred to and stored in another 
memory of the source driver from the outside. 
Upon completion of the outputting the image data 
to the column lines and upon completion of the 
selective driving of the row line concerned, the next 
line is selected and all the corresponding pieces of 
image data stored in the memory are provided onto 
the column lines. These operations are repeated 
for each of the uppermost to the lowermost row 
lines ol the two-dimensional matrix in the display 
panel to provide thereon a display. 

Alternatively, analog image data or the like 
from a computer or similar source, for example, is 
once converted to digital image data, which is 
subjected to various image processing and then 
converted to analog form for sequential input into a 
memory in the source driver. Thereafter, the analog 
image data is provided to all picture elements 
connected to one row line by the operation of the 



source driver and the gate driver in the same 
manner as mentioned above, and a display is pro- 
duced by the repetition of such operations. 

In the two-dimensional matrix form of arrange- 
5 ment of the row and column lines in the multi- 
gradation liquid crystal display panel, picture ele- 
ments are arranged in various forms. In the case of 
a monochrome display, picture elements A 2m (i-1)- 
+ 1 to A2 mi corresponding to each row line i (i = 1, 

70 2 2n) are all connected thereto as shown in Fig. 

1A. In the case where red (R), green (G) and blue 
(B) picture elements constituting each color pixel C , 
for a color display are arranged, for instance, in a 
delta form, the R, Q and B picture elements are 
ts selectively connected to two gate lines as shown in 
Fig. 1B. In the case where the R. G and B picture 
elements forming each color pixel C are arranged 
in a stripe form, they are connected to one row line 
as shown in Fig. 1C. In these cases, the driving 
20 method by the gate driver differs according to the 
manner of data storage in the source driver and its 
output to the column lines. The prior art therefore 
requires, for a double definition display and for a 
standard definition display, different display panels 
25 having different numbers of column and row lines 
and different source and gate drivers. 

Incidentally, technology of this kind is intro- 
duced in "Handbook on Liquid Crystal Devices" 
Nikkan Kogyo Shimbunsha, 1980, in which a drive 
30 and write system for liquid crystal displays is de- 
scribed at pages 387 to 466 and a color display 
system for liquid crystal displays at 467 to 523. 

As mentioned above, the prior art needs dif- 
ferent liquid crystal display panels dedicated to a 
35 double definition display and a standard definition 
display, respectively. Further, since input image 
signals handled in such display panels differ in 
signal rate, the source and gate drivers differ in 
operating speed with panels accordingly, and the 
40 prior art has dealt with this problem by changing 
their constructions or by employing different dri- 
vers. Since these drivers drive large numbers of 
column and row lines in the panel, dedicated multi- 
output ICs with many drive terminals have been 
45 developed, and as the source driver, various ICs 
have also been developed which performs digital 
image signal processing or analog image signal 
processing, depending on whether the display to 
be provided is a monochrome, multicolor or full- 
so color display. However, such ICs are used equiv- 
ocally in accordance with the definition of the liquid 
crystal display panel and the color to be displayed, 
and the same display panel and the same circuit 
construction are not used In common to the double 
55 definition display and the standard definition dis- 
play, for example, but instead different kinds of 
display panels and drivers are prepared and selec- 
tively used for each particular display. 
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SUMMARY OF THE INVENTION 

it is therefore an object of the present invention 
to provide a liquid crystal display device which is 
capable of producing both of the double definition 5 
display and the standard definition display on a 
double definition liquid crystal display panel by use 
of the same drivers, and a method for driving such 
a liquid crystal display device. 

To attain the above objective, the present in- 10 
vention employs a double definition display panel 
and. in the source driving system, two A/D convert- 
ers for input analog image signal, and depending 
on whether the input analog image signal from the 
outside is a double definition or standard definition is 
image signal, the phases of sampling clocks which 
are applied to the two A/D converters are changed 
for each particular data processing in the source 
driving system; so that the same source driver can 
be used in common to both of the double definition 20 
display and the standard definition display. The 
gate driver selects, in the case of the double defini- 
tion display, one row line (a gate line) in synchro- 
nization with the outputs from the source driver 
and, in the case of the standard definition display. 25 
simultaneously selects two adjacent row lines or 
two row lines adjacent but spaced one line apart. 

With the above-described liquid crystal display 
device and driving method therefor, the double 
definition display and the standard definition dis- 30 
play can selectively be provided, with ease, by use 
of the same liquid crystal display panel and the 
same source and gate drivers, in accordance with 
the input image signal. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a diagram showing the picture ele- 
ment arrangement of a monochrome liquid cry- 
stal display panel; 40 
Fig. 1B is a diagram showing delta arrange- 
ments of R. G and B picture elements of a color 
liquid crystal display panel; 
Fig. 1C is a diagram showing stripe arrange- 
ments of R. G and B picture elements of an- 45 
other color liquid crystal display panel; 
Fig. 2 is a block diagram illustrating an embodi- 
ment of the present invention; 
Fig. 3 is a diagram for explaining the sampling 
of a waveform in the case of the double defini- so 
tion display; 

Fig. 4 is a diagram for explaining the waveform 
sampling in the case of the standard definition 
display; 

Fig. 5 is a timing chart for explaining the opera- 55 
tion of the embodiment shown in Fig. 2; 
Fig. 6 is a block diagram illustrating an example 
of the construction of a source driver; 



Fig. 7A is a diagram showing a picture element 
arrangement in the case of a double definition 
monochrome display; 

Fig. 7B is a diagram showing a picture element 
arrangement in the case of a standard definition 
monochrome display; 

Fig. 8A is a diagram showing delta arrange- 
ments of picture elements in the case of a 
double definition color display; 
Fig. 8B is a diagram showing delta arrange- 
ments of picture elements in the case of a 
standard definition color display; 
Fig. 9A is a diagram showing stripe arrange- 
ments of picture elements in the case of the 
double definition color display; 
Fig. 9B is a diagram showing stripe arrange- 
ments of picture elements in the case of a 
standard definition color display; 
Fig. 10 is a block diagram illustrating an exam- 
ple of the construction of a signal processing 
part used in the present invention; and 
Fig. 1 1 is a specific operative circuit diagram of 
a multilevel voltage generator for use in the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIRST EMBODIMENT 

Fig. 2 illustrates in block form an embodiment 
of the circuit arrangement employing the liquid 
crystal display drive system of the present inven- 
tion. This embodiment is shown to be supplied with 
an analog image signal VS at an input terminal 19 
from the outside. 

A multi-gradation liquid crystal display panel 30 
is shown to be composed of 2m. (m being an 
integer) column lines and 2n (n being an integer) 
row lines as in the case of Fig. 1A. In this embodi- 
ment the input analog image signal VS is applied 
to two A/D converters 15 and 16. wherein it is 
converted to k-bit digital gradation sample data in 
synchronization with sampling clocks SCK1 and 
SCK2 of the same period P which are applied from 
a control part 10. The control part 10 generates the 
sampling clocks SCK1 and SCK2 in phase with 
each other in the case of providing a standard 
definition display, but in the case of providing a 
double definition display, it delays one of !hr- sam- 
pling clocks by a phase difference of 18C gen- 
erating sampling clocks SCK1 and SCK2 lSu' out 
of phase with each other. The output of the A/D 
converter 15 is applied to the one input of a select 
switch 18 and a delay circuit 17. The delay circuit 
17 delays the output digital signal of the A/D con- 
verter 15 by one-half of the period P of the sam- 
pling clock SCK1 and the delayed output is pro- 
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vided to the other input of the select switch 18. in 
the case of the double definition display, the con- 
trol part 10 applies a high-level switch control sig- 
nal SWC to the select switch 18 to select the 
output of the delay circuit 17, whereas in the case 
of the standard definition display it applied a low- 
level switch control signal SWC to the select switch 
18 to select the output of the A/D converter 15. 
Consequently, in the case of the double definition 
display, the A/D converters 15 and 16 sample the 
input analog image signal VS alternately with each 
other at different time points Ti, T 3 , T 5l ... and T2, 
T 4l T e , ... (hence, the output sample values differ 
from each other accordingly) as shown in Fig. 3. In 
the case of the standard definition display, the A/D 
converters 15 and 16 sample the input analog 
image signal VS at the same sequence of timings 
(hence, the two sequences of output sample values 
are equal to each other) as depicted in Fig. 4. In 
either case, the timing of sample data Da output 
from the select switch 18 and the timing of sample 
data Db output from the A/D converter 16 are in 
agreement with each other and their periods are 
the same as those P of the sampling clocks SCK1 
and SCK2. 

The gradation sample data Da selected by the 
select switch 18 and the output gradation sample 
data Db of the A/D converter 16 are provided, as a 
pair of gradation data (picture element data) for two 
adjacent picture elements, to S memories 1 1 1 to 
11 s every sampling clock period P. A sequence of 
such m consecutive pairs of data, that is, 2m 
pieces of data, are used as data for 2m picture 
elements which are connected to one row line of 
the liquid crystal display. Such a sequence of 
paired pieces of digital gradation data Da and Db 
are stored, in units of m/S pairs, in each of the first 
to Sth memories 111 to 11 s , after which the m/S 
pairs of data in each of the memories 11i to 11 s 
are read out therefrom in a sequential order. The S 
memories 11i through 11 S are read out in parallel. 
That is, the S memories 1 1 1 through 11 s convert 
the sequence of paired pieces of data Da and Db 
into data pairs of S series, thereby affording a 
sufficient margin for data processing described be- 
low. 

In this embodiment the memories 1 1 1 through 
11 s are each formed by a commercially available 
FIFO memory, which includes a write address 
counter which is incremented upon each applica- 
tion of a write clock WCK and a read address 
counter which is incremented upon each applica- 
tion of a read clock RCK; so that each FIFO mem- 
ory permits simultaneous write and read of data, 
but the data which is read out is data of the 
immediately preceding line already written in the 
memory. The memories 1 1 1 through 11 s are each 
supplied with a pair of k-bit data Da and k-bit data 



Db. for example, in the form of data D of a 2k-bit 
word composed of k high order bits and k low 
order bits. The memories 11 1 through 11 8 are 
supplied, in common to them, with the write clock 

5 WCK, the read clock RCK and a read enable RE 
' from the control part 10. 

Now, let the pieces of data D of one row line 
(the number of picture elements being 2m) of the 
display be represented by Di, D 2 . .... Dm. As 

70 shown in the timing chart of Fig. 5, while the 
memory 1 1 1 is supplied with a write enable WE1 of 
a period mP/S, first to m/S-th pieces of data D, to 
D^ are sequentially written into m/S addresses of 
the memory 11 1 in synchronization with the write 

75 clock WCK. Next, m/S + 1-th data D^+i to 2m/S- 
th data D 2m /s are bitten into m/S addresses of the 
memory 11 2 beii£ supplied with the write enable 
WE2. Thereafter, write enables WE3, WE4, 
WES are sequentially applied to the memories 11 3, 

20 11*. .... 11s and pieces of data D 2m / s +i> D 2m /s +2» 
D m are sequentially written into their m/S address- 
es in units of m/S pieces^ 

The read enable RE, which lasts through the 
period mP from the start of writing the data of one 

25 line to the completion thereof as shown in Fig. 5, is 
applied to the memories 11i, H2, .... 11s in com- 
mon to them. These memories are read out in 
parallel in synchronization with the read clock RCK 
of a period SP. As a result of this, m/S pieces of 

30 data (2m/S pieces of picture element data), {Di, 

D 2 Dm/s)}, {D m/S *1, + 2 D 2m/s} 

{D ( s., )m /s + i, D (S .i)m/s + 2, .... D m }. are provided at 
outputs OUT1, OUT2 OUTS of the memories 

111, 11 2, .... 11s. respectively. That is to say, in the 
35 period rnP gradation data for a row line where a 

display is to be produced is written into the memo- 
ries Hi. 11 2 , .... 11s. and at the same time, data of 
all picture elements on the preceding line is read 
out therefrom. The pieces of gradation data D each 
40 of 2k-bit word thus read out of the memories 1 1 1 , 

11 2 ii s are supplied in parallel to a signal 

processing part 20 as S pairs of k-bit word grada- 
tion data Da and Db. 

In the signal processing part 20 the S pairs of 
45 gradation data Da and Db thus provided thereto are 
sequentially converted to pairs of analog gradation 
data Aa and Ab, which are supplied in parallel to 
memories 14i through 14 s in source driver di- 
visions 13i through 13 s of the same number S as 
50 that of the memories 11i through 11 s . The source 
driver divisions 13i through 13 s . which constitute a 
source driver, convert a series of m/S pairs of 
analog gradation data Aa and Ab input thereto to 
pieces of parallel data, which are provided in par- 
55 ailel on the corresponding data buses of the dis- 
play panel 30. • 

Fig. 6 illustrates an example of the source 
driver division 13i which is identical in construction 
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with the other source driver divisions 132 to 13 S - 
The source driver division 13i comprises: a 
serial/parallel (hereinafter referred to as S/P) con- 
verting memory 14A for converting the m/S pairs of 
analog gradation data Aa, Ab into parallel data; a 
shift register 14B whereby timing signals ti, t2, .... 
tm/s for writing the series of pairs of analog data Aa, 

Ab into memory cell pairs (1a, 1b), (2a, 2b) 

(m/Sa. m/Sb) of the S/P converting memory 14A 
are sequentially output with the period SP of the 
source shift clock SSCK; a holding circuit 14C 
which simultaneously fetches all the parallel out- 
puts of the S/P converting memory 14A and holds 
them; and a buffer amplifier 14D which outputs in 
parallel driving voltages corresponding to the levels 
of the parallel outputs of the holding circuit 14C 
and supplies them to the corresponding data lines. 
The memory cells 1a, 1b, 2a. 2b, ... of the S/P 
converting memory 14A are each composed of, for 
example, a switch which controls the passage 
therethrough of the input analog data Aa or Ab and 
a capacitor which is charged by the voltage of the 
analog data via the switch, though not shown. 

A high-level source start signal SSS synchro- 
nized with a horizontal synchronizing signal Hsyn is 
applied from the control part 10 to a data input of 
the shift register 14B. and the high level is shifted 
from first to m/S-th stages one after another by a 
source shift clock SSCK of period SP which is S 
times that of the sampling clocks CK1 and CK2. As 
the high level is shifted, high-level timing signals ti, 
t 2 Us are provided at the outputs of the re- 
spective stages, from which they are applied to the 
corresponding memory cells of the S/P converting 
memory 14A, by which the pairs of pieces of 
analog gradation data Aa and Ab are sequentially 
stored in the memory cell pairs (1a. 1b), (2a, 2b). ... 
Upon completion of writing the m/S pieces of ana- 
log data into the m/S pairs of memory cells, the 
horizontal synchronizing signal Hsyn is applied to 
the hold circuit 14C,m which simultaneously 
fetches and holds the output analog gradation data 

of the memory cells (1a. 1b) (m/Sa, m/Sb). The 

outputs of the hold circuit 14C are provided to the 
corresponding data lines 1, 2, .... 2m/S via the 
buffer amplifier 14D. Thus, in the source driver 
division 13i, while the hold circuit 14C holds ana- 
log data on a certain line of the display panel 30 
and provides the data to the data lines via the 
buffer amplifier 14D, pieces of analog data Aa, Ab 
of the next line are sequentially written into the S/P 
converting memory 14A. 

The embodiment shown in Fig. 2 is so con- 
structed as to be capable of interlace scanning in a 
double definition display mode and includes a gate 
driver 12i for selectively driving odd gate lines in a 
sequential order and a gate driver 12 2 for selec- 
tively driving even gate lines in a sequential order. 



The gate drivers 12i and 122 are each formed by 
an n-stage shift register and they sequentially shift 
high-level gate start signals GS1 and GS2 supplied 
from the control part 10, upon each generation of a 
5 gate shift clock GSCK synchronized with the hori- 
zontal synchronizing signal Hsyn, thus selectively 
driving gate lines connected to the stages supplied 
with the high-level. In the double definition display 
mode the control part 10 generates, for each odd 
10 field, the gate start signal GS1 and applies it to the 
gate driver 12i and generates, for each even field, 
the gate start signal GS2 and applies it to the gate 
driver 122. Consequently, during the odd-field pe- 
riod gate lines 1, 3, 5, .... 2n-1 are driven one by 
75 one upon each generation of the gate shift lock 
GSCK, and during the even-field period gate lines 
2, 4, 6, .... 2n are driven one by one upon each 
generation of the gate shift clock GSCK. In the 
standard definition display mode the control part 10 
20 generates, for each field, the gate start signals GS1 
and GS2 of the same timing and applies them to 
the gate drivers 12t and 12 2 . Consequently, upon 
first generation of the gate shift clock GSCK, the 
gate lines 1 and 2 are simultaneously driven and 
25 analog gradation data oHhe same line is provided 
to picture elements on the first and second rows. In 
response to the next gate shift clock GSCK the 
gate lines 3 and 4 are simultaneously driven and 
analog gradation data of the same line is provided 
30 to picture elements on third and fourth rows, and 
thereafter the same operation takes place. 

With the arrangement depicted in Fig. 2. in the 
case of displaying the external input analog image 
signal VS with a double definition, the sampling 
35 clocks SCK1 and^ SCK2 displaced one-half of the 
period P or 180* apart in phase are generated 
from the control part 10. the select switch 18 is set 
by the select control signal SWC to select the 
output of the delay circuit 17. and the gate start 
40 signals GS1 and GS2 are alternately generated 
from the control part 10 in the odd-numbered and 
even-numbered fields, respectively. In conse- 
quence, digital sample values of the analog image 
are obtained in the A/D converters 15 and 16 
45 alternately with each other every P/2 period as 
shown in Fig. 3. Accordingly, the pieces of data Da 
and Db of each pair which are input into the S/P 
converting memories 11 1 through 11 S are two con- 
secutive digital sample values corresponding to the 
so input analog image signal VS, and analog voltages 
corresponding to 2m pieces of data resulting from 
the sampling of the input analog image signal with 
the period P/2 are simultaneously applied to 2m 
data lines of the display panel 30 from the source 
55 driver divisions 13i through 13s- As a result of this, 
individual pieces of picture element data are pro- 
vided to all of 2m picture elements connected to a 
selected one of the gate lines. On the other hand, 
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in the case of the standard definition display, the 
in-phase sampling clocks SCK1 and SCK2 of the 
period P are generated from the control part 10, 
the select switch 18 is set by the select control 
signal SWC to select the output of the A/D con- 
verter 15, and the gate start signals GS1 and GS2 
are generated from the control part 10 at the same 
timing for each field. By this, pairs of pieces of 
data Da and Db of the same values are provided 
from the A/D converters 15 and 16 to the S/P 
converting memories 11i through 11 s with the 
same period P, as shown in Fig. 4. In conse- 
quence, an analog voltage of the same gradation 
level is applied to every two data lines, while at the 
same time every two gate lines are simultaneously 
driven. 

Figs. 7A and 7B partly show picture elements 
on the display panel in the cases of the double 
definition and the standard definition displays, re- 
spectively. The solid-line squares represent picture 
elements and the symbol A in each of them in- 
dicates analog gradation data which is provided to 
the picture element. The broken-line squares each 
represent a smallest resolvable display unit (pixel) 
of an image displayed. In the standard definition 
display the pixel is twice larger than that in the 
double definition display. The numerals (1, 2, 3, ...) 
suffixed to the symbol A in Figs. 7A and 7B cor- 
respond to the numerals (1, 2, 3, ...) suffixed to the 
time T in Figs. 3 and 4. 

SECOND EMBODIMENT 

In the case where the liquid crystal gradation 
display panel 30 is a color display panel of the 
type wherein picture elements are arranged in a 
delta form as shown in Fig. 1B, the panel 30 is 
made up of 3m (m being an integer) column lines 
and 4n (n being an integer) ow lines and the 
embodiment of Fig. 2 is modified as described 
below. 

The structure ranging from the analog image 
signal input terminal 19 to the memories 11 \ 
through 11 s in the Fig. 2 embodiment is provided 
for each of red, green and blue analog image 
signals. Accordingly, although in Fig. 2 the source 
driver divisions 13i to 13 s each have two inputs, 
each source driver division in this embodiment has 
six inputs, because pieces of analog gradation data 
for each of the red, green and blue image signals 
are input thereinto in pairs. The phases of the 
sampling clocks SCK1 and SCK2 which are applied 
to three pairs of A/D converters and the method of 
writing data into the memories 11 1 to 11s in the 
cases of double definition and standard definition 
displays of red, green and blue input analog image 
signals are the same as in First Embodiment 

In this embodiment 25 pieces of digital grada- 



tion data for each color, that is, a total of 6S pieces 
of digital gradation data for the red, green and blue 
colors, are read out in parallel from the S memo- 
ries 11 1 through 11 S m/S times. As a result of this, 
s pieces of data for all of 6m picture elements for the 
red. green and blue colors, i.e. 2m picture ele- 
ments for each color, connected to two adjacent 
row lines i (i being an odd number) and i + 1 in Fig. 
1B, are sequentially obtained in groups of 6S. In 
w the signal processing part 10 every 6S pieces of 
data is subjected to processing for the arrangement 
of delta picture elements and converted to pieces 
of analog gradation data, which are sequentially set 
in the memories 14t to 14 s of the source driver 
T5 divisions 13i to 13 s as shown on the row lines i 
and i + 1 in Fig. 1B. 

In the double definition display mode the ana- 
log gradation data is provided successively twice, 
as picture element data, to 3m column lines from 
20 the source driver divisions 13i through 13 s , and in 
synchronization with each output, two adjacent row 
lines i and i + 1 are selected successively by the 
gate drivers 12 t and 12 2 . The series of operations 
mentioned above are performed 2n times to there- 
25 by display a color image on the liquid crystal 
display panel. In the case of interlace scanning, 
however, two adjacent row lines are successively 
driven every third row lines and the above-men- 
tioned series of operations are successively per- 
30 formed n times for the row lines 1 and 2; 5 and 6; 
4n-3 and 4n-2 in an odd-numbered field and 
then n times for the row lines 3 and 4; 7 and 8; 
4n-1 and 4n in an even-numbered field; namely, 
the series of operations are repeated a total of 2n 
35 times to display a frame of a color image on the 
liquid crystal display panel in this case. 

In the standard definition display mode the 
external input analog image signal VS of each color 
is converted by the two A/D converters 15 and 16 
40 Into the same picture element data which is to be 
provided to two adjacent or spaced-apart ones out 
of every three column lines, and the thus converted 
picture element data is subjected to processing 
similar to that in the case of the double definition 
46 display mode, after which the picture element data 
is stored in the memories 14i through 14 s in the 
source driver divisions 13i through 13 s so that the 
picture element data are arranged as shown on the 
row lines i and i + 1 (i being an odd number) in Fig. 
so 1B. When such picture element data of two row 
lines in the memories are to be provided to the 
corresponding two row lines of the display panel, 
two row lines i and i+2 spaced one line apart are 
simultaneously driven by the gate driver 12i first 
55 and then a row line i + 1 next to that i and a row 
line i + 3 spaced one line apart from the row line 
i + 1 are simultaneously driven by the driver 12 2 . 
Such a series of operations as mentioned above 
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are successively repeated n times to thereby pro- 
vide a color image on the liquid crystal display 
panel. 

Figs. 8A and 8B show, in broken line, color 
pixels on the display panel in the case of the 
double definition and the standard definition display 
modes, respectively. The pixels in the standard 
definition display mode are twice larger in both of 
the row and column direction than in the double 
definition display mode. The suffixes to the letters 
R, G and B in Figs. 8A and 8B correspond to the 
suffixes to the time T in Figs. 3 and 4. 

THIRD EMBODIMENT 

In the case where the multi-gradation liquid 
crystal display panel 30 is a color display panel of 
the type wherein color picture elements of each 
pixel C are arranged in a stripe form as shown in 
Fig. 1C, the panel 30 is made up of 6m (m being 
integer) column lines and 2n (n being an integer) 
row lines, and the embodiment of Fig. 2 is modified 
as described below. 

The structure ranging from the analog image 
signal input terminal 19 to the memories 11 1 
through 11 s in the Fig. 2 embodiment is provided 
for each of red, green and blue analog image 
signals; namely, a total of three such structures are 
provided. In Fig. 2 the source driver divisions 13i 
through 13 s each have two inputs, but in this 
embodiment each source driver division has six 
inputs, because pieces of analog data input 
thereinto in pairs for each of the red, green and 
blue colors. The phases of the sampling clocks 
SCK1 and SCK2 for input into three pairs of A/D 
converters and the method of writing data into the 
memories 11t through 11 s of the next stage in the 
case of double definition and standard definition 
displays of red, green and blue input analog image 
signals are the same as in the foregoing embodi- 
ments. 

In this embodiment 2S pieces of digital grada- 
tion data for each color, that is, a total of 6S digital 
gradation data for the red, green and blue colors, 
are read out in parallel m/S times from the S 
memories 11 1 through 11 S for each color. As a 
result of this, pieces of data for all of 6m picture 
elements for the red, green and blue colors, i.e. 2m 
picture elements for each color, connected to one 
row line in Fig. 1C are sequentially obtained in 
units of 6S. In the signal processing part 10 every 
6S pieces of data is subjected to processing for the 
stripe arrangement of picture elements and con- 
verted to pieces of analog gradation data, which 
are sequentially set in the memories Hi through 
14$ of the source driver divisions 13i through 13 s 
as shown on the row line i in Fig. 1C. 

In the double definition display mode the ana- 



log gradation data is provided successively, as 
picture element data, to the 6m column lines from 
the source driver divisions 13i through 13s, and in 
synchronization with each output, one row line is 
5 selected by the gate drivers 12i and 12 2 alter- 
nately with each other. Such a series of operations 
as mentioned above are repeated 2n times to 
thereby provide a color image on the liquid crystal 
display panel. In the case of performing interlace 
io scanning iri the double definition mode, however, 
every other row line is driven in an odd-numbered 
field and the series of operation mentioned above 
are repeated successively n times from the first 
line to the (2n-1)th line, and in the subsequent 
is even-numbered field the operations are repeated n 
times from the se^v -i to the 2n-th line; namely, 
the liquid crystal airway panel is driven by per- 
forming the operations a total of 2n times to form 
each frame of display. 
20 In the standard definition display mode the 
input analog image signal VS of each color is 
converted by the corresponding pair A/D convert- 
ers 15 and 16 into the same picture element data 
which is to be provided to two column lines spaced 
25 two lines apart, and the thus converted picture 
element data is subjected to the arrangement pro- 
cessing similar to that in the case of the double 
definition display mode, after which the picture 
element data is stored in the memories 14i 
30 through 14 s in the source driver divisions 13i 
through 13 s in such a manner as to provide the 
arrangement of picture elements on the row line i 
in Fig. 1C. When such picture element data stored 
in the memories is provided to the column lines of 
35 the display panel, two row lines are simultaneously 
driven by the gate drivers 12i and 12 2 in synchro- 
nization with the output. A series of such operations 
are successively repeated n times to thereby pro- 
vide a color image on the liquid crystal display 
40 panel. 

Figs. 9A and 9B show, in broken line, color 
pixels on the display panel in the case of the 
double definition and the standard definition display 
modes, respectively. The pixels in the standard 

45 definition display mode are twice larger in both of 
the row and column direction than in the double 
definition display mode. The suffixes to the letters 
R, G and B in Figs. 9A and 9B also correspond to 
the suffixes to the time T in Figs. 3 and 4 as in the 

so foregoing embodiments. 

While in the above embodiments the source 
driver divisions are disposed at one side of the 
panel 30, they may also be disposed at both sides 
of the panel 30 as described later on. Conversely, 

55 the gate drivers 12i and 12 2 may be disposed at 
one side of the panel 30. 

Also in the case of driving the row lines by the 
gate drivers 12i and 12 2 disposed at both sides of 
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% the panel 30, the driving of the row lines is the 
same as described above, regardless of the ar- 
rangement of the gate drivers 12i and 12 2 . For 
instance, in the case where the row lines are al- 
ternately connected to the gate drivers 12i and 12 2 
disposed at the right-hand and left-hand sides of 
the panel 30 in First and Third Embodiments, the 
row lines are alternately driven by the gate drivers 
12i and 12 2 in the case of the double definition 
display mode, and in the case of the standard 
definition display mode, two adjacent row lines are 
simultaneously driven by the both drivers. When 
the gate drivers 12t and 12 2 are mounted at the 
right-hand and left-hand sides of the panel 30, 
pairs of adjacent row lines are alternately con- 
nected to the drivers in the case of Second Em- 
bodiment. In the odd-numbered field pairs of adja- 
cent row lines are driven in succession by the one 
gate driver 12i and then in the even-numbered 
field pairs of adjacent row lines are driven in suc- 
cession by the other gate driver 12 2 ; namely, inter- 
lace driving is performed 2n times every two fields. 
In the standard definition display mode pairs of two 
adjacent row lines are successively driven simulta- 
neously by the both gate drivers 12i and 12 2l and 
this driving is repeated n times to provide an image 
display on the pane! 30. 

In the embodiment depicted in Fig. 2 the two 
A/D converters 15 and 16 are provided for one 
analog image signal VS and are operated in either 
of the double definition and the standard definition 
display mode, but it is also possible to employ an 
arrangement in which in the standard definition 
display mode the analog image signal is converted 
by one of the A/D converters and then branched 
into two pieces of data for input into the memories 
11i through 11 s . 

In the embodiment shown in Fig. 2 the memo- 
ries 11 1 through 11 s and the signal processing part 
20 are shown and described to be separated from 
the source driver divisions 13i through 13 s . but the 
memories 11 1 through 11 s and the signal process- 
ing part 20 may also be incorporated in the source 
driver divisions 13i through 13 s . 

In the Rg. 2 embodiment, since the double 
definition display data is a high-speed signal, the 
memory 11 is divided into S for the serial input to 
parallel output conversion and the source driver 13 
is also divided into S divisions 13i through 13 s 
accordingly, but when a source driver of high- 
speed input operation is available, the number S is 
reduced in accordance with the speed or may also 
be 1. 

In the above embodiments the range of the 
selection of row lines (the number of scanning 
lines) and the range of display by column lines in 
the double definition display mode have been de- 
scribed to be twice larger than in the standard 



definition display mode, but it is also possible to 
form the panel to have a two-fold structure so that 
both or one of the row and column lines are partly 
used in the case of the double definition display. In 
s this instance, pieces of data for some picture ele- 
ments to be connected to a row line on its right- 
hand and left-hand end portions, for example, are 
unconditionally set to be black and the pieces of 
data for the other picture elements are set through 
10 utilization of the input analog image signal. The 
selection of row lines by the gate drivers is so 
controlled as not to drive some row lines at upper 
and lower end portions of the panel, for example, 
and the row and column lines to be used for the 
75 actual display are driven in exactly the same man- 
ner as in the above embodiments except the num- 
ber of successive driving of the row lines. 

As described above, the driving system of the 
present invention permits the use of source driver 
20 in common to the double definition and the stan- 
dard definition display simply by the use of the 
double definition display panel and the use of two 
A/D converters for each analog image signal in the 
source drive system and by changing the phases 
25 of the sampling clocks of the A/D converters in 
accordance with the definition of the input analog 
image signal from the outside. Thus, the circuit 
structure can be made common to the double 
definition and the standard definition displays and 
30 can be integrated. 

Moreover, by driving one row line or simulta- 
neously driving two adjacent row lines or two row 
lines spaced one line apart by the gate driver or 
drivers in synchronization with the output operation 
35 of the source driver, depending on whether the 
display mode is the double definition or standard 
definition display mode, either of the double defini- 
tion and the standard definition display can equally 
be provided on the double definition display panel. 
40 This broadens the application of the display panel, 
eliminates the necessity of preparing both of dou- 
ble definition and standard definition display de- 
vices, and hence reduces the space consumed by 
the display device. 
45 Needless to say, the display of the present 

invention permits free switching between displays 
by non-interlace and interlace driving. 

In the embodiment of Rg. 2 the signal process- 
ing part 20 responds to digital gradation data ap- 
50 plied thereto to select the corresponding voltage 
from a multilevel voltage by an analog switch, thus 
converting the digital gradation data to analog form. 
For instance, for providing a 16-gradation display 
by AC driving, there has been proposed a method 
55 in which a voltage of 16 levels in each of the 
positive and negative directions, that is, a voltage 
having a total of 32 levels, about the center value 
of the amplitude of a source voltage on which the 
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liquid crystal display driving voltage alternation is 
based (hereinafter referred to as a reference volt- 
age value Vr E f) is generated, a total of five bits, 
four for the digital gradation data and one indicat- 
ing the alternation (polarity), are used to select 
corresponding voltages from the 32-level voltage 
and the voltages thus selected are provided to the 
source driver. In this case, 5-bit decoder and 32 
analog switches are needed for selecting one level 
from the 32 voltage levels. That is, even in the 
case of the 16-gradation display, the amount of 
hardware becomes two-fold for inter-frame AC driv- 
ing which involves reversing the polarity of the 
analog gradation data for all column lines of the 
liquid crystal for each frame. 

In addition, the above-noted numbers of decod- 
ers and analog switches must be doubled for inter- 
column AC driving (in which the polarity of analog 
gradation data for each of even-numbered and 
odd-numbered column lines differs and this polarity 
is reversed for each frame). 

Furthermore, in the cases (1) where a color 
display is provided on the liquid crystal display 
panel and (2). where a multiphase clock synchro- 
nous transmission for decreasing the effective 
speed of the source driver owing to its operating 
speed limit (for example. Hitachi source drive IC: 
HD 66300 utilizes a three-phase clock synchronous 
transmission), the numbers of decoders and analog 
switches needed become as large as three time in 
the case (1) and 12 times in the case (2) (the 
three-phase clock synchronous transmission). 

In a TFT (Thin Film Transistor) active matrix 
type liquid crystal display the level of a voltage to 
be written into each picture element decreases 
owing to parasitic capacitances of the TFT {a gate- 
drain capacitance and source-drain capacitance), a 
capacitance between an ITO layer of each picture 
element and the source line, etc., and in the case 
of performing AC driving of each picture element, 
even if the voltage level to be written into each 
picture element from the source driver of the liquid 
crystal display panel is well-balanced in the posi- 
tive and negative direction with respect to the cen- 
ter value of the amplitude of the source voltage (i.e. 
the reference voltage), the voltage which is actually 
written into each picture element and held therein 
looses it balance, posing a problem such as a 
display with many flickers. 

To avoid this, an alternate driving (inter-column 
AC driving) may be employed for driving even- 
numbered and odd-numbered column lines in the 
display panel, wherein pieces of positive analog 
picture element data and negative picture element 
data are provided from the source driver to the 
even-numbered and odd-numbered column lines, 

respectively, in an Nth frame (N = 1,3,5 or 2, 

4, 6, ...). and in an (N + 1)th frame (N = 1, 3. 5. ... 



or 2, 4, 6, ...) negative analog picture element data 
and positive analog picture element data are sup- 
plied to the even-numbered column line and the 
odd-numbered column line, respectively. These 
5 pieces of data are provided from a digital-to-analog 
converter to the source driver. 

To perform this, the digital-to-analog 
(hereinafter referred to as D/A) converter has input 
terminals twice as many as the voltage levels h. In 
w ' the Nth frame voltages of 2h values (a group of 
positive voltages and a group of negative voltages) 
which decrease stepwise from a positive constant 
voltage to a negative constant voltage through the 
reference voltage are applied to the series of input 
is terminals of the D/A converter, whereas in the 
(N + 1)th frame voltages of 2h values (a group of 
negative voltages and a group of positive voltages) 
which increase stepwise from the negative constant 
voltage to the positive constant voltage through the 
20 reference voltage are applied to the series of input 
terminals. Furthermore, two decoders in the D/A 
converter are used to select one of the above- 
mentioned multi-level input terminals being sup- 
plied with the group of positive voltages ranging 
25 from the positive constant voltage to the reference 
voltage and one of the multi-level input terminals 
being supplied with the group of negative voltages 
ranging from the negative constant voltage to the 
reference voltage. In the Nth frame voltages se- 
30 lected from the positive and negative voltage 
groups are provided, as voltages for the even- 
numbered and odd-numbered column lines, re- 
spectively, to the source driver. In the (N + 1)th 
frame voltages selected from the negative and 
35 positive voltage groups are applied, as voltages for 
the even-numbered and odd-numbered column 
lines, respectively, to the source driver. By this, it 
is possible to switch the polarities of the pieces of 
analog gradation data which are provided to the 
40 even-numbered and odd-numbered column lines of 
the liquid crystal display panel. In addition, there is 
no need of independently providing D/A converters 
for the cases of the input thereto changing from 
positive to negative and from negative to positive. 
45 as in the prior art example. Thus, despite of the AC 
driving of the liquid crystal display panel, the 
amounts of hardware for the decoders and the 
analog switches in the D/A converter need not be 
increased, and consequently, the amount of hard- 
so ware used can be reduced by half as compared 
with that in the prior art. 

In anticipation of the drop of the voltage level 
to be written into the picture element due to the 
parasitic capacitance and the like of the TFT active 
55 matrix type liquid crystal display panel, the above- 
mentioned positive and negative constant voltages 
to be supplied to a multi-level power source part 
every frame period are set so that the potential 

10 
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* difference between the positive constant voltage 
and the reference voltage differs from that between 
the reference voltage and the negative constant 
voltage, by which the voltage level to be written 
into each picture element is varied, permitting well- 
balanced alternation and hence providing an ex- 
cellent image display with no flickers. 

An embodiment of the signal processing part 
20 which permits the D/A conversion with a smalt 
amount of hardware from the above-described 
point of view is shown in Fig. 10. together with the 
source driver and the liquid crystal display panel. 
No gate drivers are shown. In this embodiment the 
source driver for driving the data lines (column 
lines) in the display panel 30 is divided into two 
drivers 13a and 13b, which are disposed at the 
upper and lower sides of the panel 30 so that they 
drive even-numbered and odd-numbered column 
lines of the panel 30, respectively. In this embodi- 
ment S is set to 1 in Fig. 2 for convenience. 

According to this embodiment, in a multi-level 
power supply 21 for generating a multi-level volt- 
age (h values, h being an integer equal or greater 
than 2) a frame switching signal FS which toggles 
between high and low levels every vertical syn- 
chronizing period (one frame period) is applied 
from the control part 10 (see Fig. 2) to a selector 
22, by which positive and negative constant vol- 
tages V* and V" are alternately interchanged with 
each other and applied to a multi-level voltage 
generator 23. In accordance with the combination 
of the constant voltages V* and V"* or V" and V 
the multi-level voltage generator 23 provides, to its 
2h terminals 1 through 2h, h positive level voltages 
and h negative level voltages which sequentially 
vary from the positive to the negative or negative to 
positive direction within voltage widths correspond- 
ing to the magnitudes of the constant voltages. For 
instance, in the case where the combination of 
constant voltages V* and V* is selected in a cer- 
tain frame period and applied to the multi-level 
generator 23, 2h different voltages varying from the 
positive to the negative direction are output there- 
from. The h positive voltage outputs at the terminal 
1 through h and the h negative voltage outputs at 
the terminals h + 1 through 2h are applied to analog 
switches 27 and 28 in a D/A converter 24. On the 
other hand, the pieces of digital gradation data Da 
and Db of successive pairs are input into decoders 
25 and 26, respectively. Two voltages correspond- 
ing to the data Da and Db of each pair are se- 
lected, by the analog switches 27 and 28, from the 
respective h positive voltages and the h negative 
voltages provided to the analog switches 27 and 
28, by which the digital gradation data Da and Db 
are converted into the analog gradation data Aa 
and Ab. The thus converted two analog outputs Aa 
and Ab are applied to the source drivers 13a and 



13b. As a result of this, the even-numbered and 
odd-numbered column lines are driven by the posi- 
tive and negative analog values from the source 
drivers 13a and 13b, respectively. When in the next 
5 vertical synchronizing period (one frame period) + the 
combination of constant voltages V" and V is 
selected by the selector 22 in accordance with the 
frame switching signal FS and is applied to the 
multi-level voltage generator 23, 2h different vol- 
70 tages varying from the negative to the positive 
direction are provided at the terminals 1 through 
2h. Consequently, h negative voltages are output at 
the terminals 1 through h and h positive voltages 
are output at the terminals h + 1 through 2h, and 
rs these voltages are applied to the analog switches 
27 and 28. On the other hand, two voltages are 
selected from the h negative voltages and the h 
positive voltages, respectively, by the decoders 25 
and 26 and the analog switches 27 and 28 in 
20 accordance with the digital gradation data Da and 
Db of each pair, by which the pieces of digital 
gradation data Da and Db are converted into the 
pieces of analog gradation data Aa and Ab. These 
pieces of analog gradation data Aa and Ab are 
25 provided to the source drivers 13a and 13b, re- 
spectively, by which even-numbered and odd-num- 
bered column lines are driven, based on the data 
of the negative analog value and the data of the 
positive analog value from the source drivers 13a 
30 and 13b. Thus, upon each switching of frame, the 
polarity of the voltage applied to the picture ele- 
ments connected to each column lines is reversed 
for AC driving. 

Accordingly, this embodiment does not call for 
35 independent provision of a D/A converter for select- 
ing a voltage from 2h voltages varying from the 
positive to the negative direction in accordance 
with the digital data and a D/A converter for select- 
ing a voltage from the 2h voltages varying from the 
40 negative to the positive direction in accordance 
with the digital data, and the D/A converter 24 can 
be formed by the 2h analog switches 27 and 28 
connected to the terminals 1 through 2h and the 
decoders 25 and 26; so that the amount of hard- 
45 ware used can be reduced. 

In the above embodiment the source drivers 
13a and 13b are disposed at the upper and lower 
sides of the display panel 30 for driving the even- 
numbered column lines and the odd-numbered col- 
50 umn lines, respectively, but the source drivers 13a 
and 13b may also be arranged to drive the odd- 
numbered column lines and the even-numbered 
column lines, respectively. The source drivers 13a 
and 13b may also be disposed at one side, and 
55 they are not limited to any particular arrangement. 

Although the above embodiment has been de- 
scribed using the multi-level power supply 21 , the 
D/A converter 24, the source drivers 13a and 13b 
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and the analog gradation data Aa and Ab, a color 
multi-gradation liquid crystal display can be imple- 
mented by providing the above-described structure 
for the picture element data of each of the red, 
green and blue colors. 

The above embodiment has been described on 
the assumption that S = 1 in Fig. 2, but when S is 
equal to or greater than 2 . S sets of paired 
decoders 25 and 26 and paired analog switch 
portions 27 and 28 composed of the 2h analog 
switches are provided, in which case the 2h inputs 
of each paired analog switches are connected in 
common to the 2h output terminals 1 through 2h of 
the multi-level power supply 21 and each pair of 
analog outputs Aa and Ab are connected to the 
corresponding divided parts of the source drivers 
13a and 13b. respectively. 

Fig. 1 1 illustrates an example of the construc- 
tion of the multi-level power supply 21 for generat- 
ing a multi-level (h values, h being an integer equal 
to or greater than 2) voltage in the signal process- 
ing part 20 shown in Fig. 10. The constant voltages 
V* and V" are selectively output by two selectors 
22A and 22B in response to the frame switching 
signal FS which toggles between the high and low 
levels. For example, when the frame switching sig- 
nal FS is high-level in a certain frame, the selector 
22A selects the constant voltage V* and the selec- 
tor 22B the constant voltage V" and apply them as 
voltages V A and V B o multi-level voltage generators 
23A and 23B. respectively. On the other hand, the 
reference voltage V REF of the source voltage of the 
liquid crystal display panel is produced using posi- 
tive and negative voltages Vqd and V L c and is 
applied to the multi-level voltage generators 23A 
and 23B. The multi-level voltage generator 23A 
provides h voltages V Ah to V A i to terminals 1 to h, 
using the voltages V* and V RE f and pluralities of 
buffer amplifiers and dividing resistors. The multi- 
level voltage generator 23B outputs h voltages V B1 
to Van to terminals 1 to h, using the voltages V RE f 
and V" and pluralities of buffer amplifiers and 
dividing resistors. In the next frame period the 
selectors 22A and 22B select the voltages V" and 
V*. respectively, in response to the low-level frame 
switching signal FS and apply them as voltages V A 
and V B to the multi-level voltage generators 23A 
and 23B, respectively. Consequently, the voltages 
at the terminals 1 to 2h provided from the multi- 
level voltage generators 23A and 23B are reverse 
in polarity from the corresponding voltages in the 
preceding frame. 

In the case where it is necessary to change the 
voltage levels to be written into the picture ele- 
ments so as to implement well-balanced alternation 
of the picture element voltages in anticipation of 
the decrease in the voltage levels owing to the 
parasitic capacitance and the like of the TFT active 



matrix type liquid crystal display panel, the values 
of the constant voltages V* and V~ of different 
polarities which are applied to the multi-level power 
supply 21 are changed, or the reference voltage 
5 Vref is changed by use of resistors R1 1 and VR1 , 
whereby the voltage width (a maximum positive 
amplitude value of the source write-in voltage) from 
the reference voltage V REF to a maximum voltage 
value in the positive direction (V Ah or V Bh for each 
10 frame), or the voltage width (a maximum negative 
amplitude value of the source write-in voltage) from 
the reference voltage V REF to a maximum voltage 
value in the negative direction (V Bh or V Ah for each 
frame) can be varied and adjusted. In the case 
is where such voltage widths are equaUo each other, 
the voltage values of the voltages V* and V~ to be 
supplied to the multi-level power supply 21 or the 
reference voltage V RE f "S set so that V - V REF = 
V REF - V". Incidentally, variable resistors VR1A to 
20 VR4A and VR1B to VR4B in the multi-level voltage 
generators 23A and 23B are provided for setting 
the gradient of the h-value voltage variations. From 
the viewpoint of well-balanced liquid crystal display 
panel alternate driving, it is desirable that the resis- 
ts tance values of the resistors VR1A and VR1B, 
VR2A and VR2B, VR3A and VR3B, and VR4A and 
VR4B can be set in association with each other. 

As described above, the signal processing part 
20 shown in Rg. 10 comprises the D/A converter 
30 24 for providing the pieces of analog gradation data 
Aa and Ab to the source drivers 13a and 13b for 
driving the column lines of the display panel, and 
the multi-level power supply 21 for supplying the 
D/A converter 24 with the positive and negative 
35 multi-level voltages of the same m = number as the 
number of gradation h. For alternate driving of the 
column lines of the liquid crystal display panel 
voltages corresponding to the pieces of digital gra- 
dation data Da and Db are selected by the D/A 
40 converter 24 from the above-mentioned positive 
multi-level and negative multi-level voltages and 
provided them, as pieces of analog gradation data 
Aa and Ab for the even-numbered and odd-num- 
bered column lines of the display panel, to the 
45 source drivers 13a and 13b, and a voltage which 
changes its polarity every frame is applied to the 
multi-level power supply 21 , by which the positive 
and negative multi-level voltages to be applied to 
the D/A converter 24 is switched between them, 
so and consequently, the polarities of the pieces of 
analog gradation data Aa and Ab which are pro- 
vided to the even-numbered column lines and the 
odd-numbered column lines can be switched. Ac- 
cordingly, it is not necessary to switch data lines 
55 between the source drivers 13a and 13b for revers- 
ing the polarity of the analog gradation data nor is 
it necessary to switch the connection of the even- 
numbered and odd-numbered column lines at the 
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outputs of the source drivers 13a and 13b. Thus, 
AC driving of the column lines of the liquid crystal 
display panel is possible with a structure which is 
small in the number of switching operations. 

With an arrangement in which pieces of analog 5 
gradation data for even-numbered and odd-num- 
bered column lines are provided by the D/A con- 
verter including two sets of analog switches con- 
nected to 2h input terminals which are supplied 
with 2h-value voltages changing from the positive io 
to the negative direction and vice versa upon each 
switching of the frame and two sets of decoders in 
the case of providing a display through utilization of 
the pieces of analog data Aa and Ab indicating h 
gradations, the number of decoders and the num- is 
ber of analog switches forming the D/A converter 
are small. 

Moreover, since the positive multi-level voltage 
value and the negative multi-level voltage value 
from the center value of the source voltage can be 20 
freely set by changing the values of the positive 
and negative constant voltages which are applied 
to the multi-level power supply for each frame 
period, the voltage level which is written into each 
picture element. from the source driver of the liquid 25 
crystal display panel can be changed in anticipa- 
tion of a decrease of the voltage level in the picture 
element owing to the parasitic capacitance or the 
like of the TFT active matrix type liquid crystal 
display panel. This permits well-balanced AC driv- 30 
ing of the column lines of the display panel and 
hence allows a flickerless excellent image display. 

It will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the novel concepts of the present 35 
invention. 

Claims 

1. A liquid crystal display device comprising: ao 

first A/D converting means for sampling an 
input analog image signal upon each genera- 
tion of a first sampling clock and for converting 
it into first digital gradation data; 

second A/D converting means for sampling 45 
said input analog image signal upon each gen- 
eration of a second sampling clock of the 
same period as said first sampling clock and 
for converting it into second digital gradation 
data; 50 

delay means connected to the output of 
said first A/D converting means, for delaying 
said first digital gradation data for about the 
one-half period of said first sampling clock; 

select switch means supplied with the out- 55 
puts of said first A/D converting means and 
said delay means, for selecting and outputting 
either one of them in response to a select 



control signal; 

signal processing means supplied, as a 
pair of digital gradation data, with the outputs 
of said select switch means and said second 
A/D converting means, for converting them into 
analog values for output as a pair of analog 
gradation data; 

a display panel including a plurality of row 
lines, a plurality of column lines and picture 
elements arranged corresponding to them, for 
providing a gradation display in response to 
analog gradation data which is provided to 
each of picture elements selected by said col- 
umn and row lines; 

source drive means supplied with said pair 
of pieces of analog gradation data in a sequen- 
tial order, for converting them into parallel 
pairs of pieces of analog gradation data for 
each predetermined number of pairs and pro- 
viding them to the corresponding. column lines 
of said display panel; 

gate drive means for selectively driving 
said plurality of row lines of said display panel; 
and 

control means whereby, in a double defini- 
tion display mode, said first and second sam- 
pling clocks are generated after being dis- 
placed 180" apart in phase and said select 
control signal is generated for controlling said 
select switch means to select the output of 
said delay means and, in a standard definition 
display mode, said first and second sampling 
clocks are generated in phase with each other 
and said select control signal is generated for 
controlling said select switch to select the out- 
put of said first A/D converting means. 

2. The liquid crystal display device of claim 1, 
wherein said gate drive means includes means 
which is controlled by said control means so 
that, in said double definition display mode, it 
sequentially drives odd-numbered ones of said 
row lines in respective odd-numbered fields 
and even-numbered ones of said row lines in 
respective even-numbered fields. 

3. The liquid crystal display device of claim 1 or 
2, wherein said gate drive means includes 
means which is controlled by said control 
means so that, in said standard definition dis- 
play mode, it sequentially drives said row lines 
two at a time in each frame. 

4. The liquid crystal display device of claim 1, 
wherein said signal processing means includes 
S memories which are supplied with said pairs 
of digital gradation data, S being an integer 
equal to or greater than 2, said S memories 
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being sequentially supplied with a write enable 
signal and said pairs of digital gradation data 
being sequentially written into said S memo- 
ries during the application thereto of said write 
enable signal. 

5. The liquid crystal display device of claim 4, 
wherein said pairs of digital gradation data are 
read out of said S memories while a read 
enable signal is applied in common to them 
from said control means, and wherein said 
signal processing means includes S D/A con- 
verting means which are supplied with said 
pairs of digital gradation data read out of said 
S memories and convert them into pairs of 
analog gradation data. 

6. The liquid crystal display device of claim 5, 
w^erem said scurco drive means includes S 
source driver divisions which are supplied with 
said pairs of analog gradation data from said S 
DA converting means, each of said source 
driver divisions including a serial-to-parallel 
converting memory which reads thereinto a 
predetermined number of said pairs of analog 
gradation data supplied in a sequential order 
and outputs them in parallel. 

7. The liquid crystal display device of claim 1. 
wherein said signal processing means in- 
cludes: multi-level voltage generating means 
for outputting a first set of multi-level voltages 
and a second set of multi-level voltages which 
reverse their polarities for each frame and are 
opposite in polarity from each other; first D/A 
converting means supplied with one of two 
pieces of each said pair of digital gradation 
data for selecting from said first set of multi- 
level voltages one voltage in accordance with 
said one piece of said digital gradation data 
and outputting it as said one piece of said 
analog gradation data; and second D/A con- 
verting means supplied with the other piece of 
each said pair of digital gradation data for 
selecting from said second set of multi-level 
voltages one voltage in accordance with said 
other piece of said digital data and outputting it 
as said other piece of said pair of analog 
gradation data. 

a The liquid crystal display device of claim 7, 
wherein said multi-level voltage generating 
means includes: first selector means which is 
supplied with positive and negative constant 
voltages and selects and outputs said positive 
constant voltage when a frame switching signal 
which toggles between high and low levels 
every frame is at the one of said levels and, 



selects and outputs said negative constant 
voltage when said frame switching signal is at 
the other level; second selector means which 
is supplied with said positive and negative 

5 constant voltages and selects and outputs said 

negative constant voltage when said frame 
switching signal is at said one level and, se- 
lects and outputs said positive constant voltage 
when said frame switching signal is at the 

10 other level; a first multi-level voltage generator 

which is supplied with the output voltage of 
said first selector means and a reference volt- 
age and outputs a plurality of voltage levels 
between them as said first set of multi-level 

15 voltages; and a second multi-level voltage gen- 

erator which is supplied with the output of said 
second selector means and said reference 
voltage and outputs a plurality of voltage levels 
between them as said second set of multi-level 

20 voltages. 

9. The liquid crystal display device of claim 7 or 
8, wherein said source drive means includes: a 
first source driver which is supplied with one 

25 pieces of said pair of analog gradation data, for 
driving odd-numbered row lines of said display 
panel; and a second source driver which is 
supplied with the other of said pair of analog 
gradation data, for driving even-numbered row 

30 lines of said display panel. 

10. A liquid crystal display panel driving method 
for providing an image on a liquid crystal dis- 
play panel in a switched one of double defini- 

35 tion and standard definition display modes, 
comprising: 

a step wherein, in said double definition 
display mode, an input analog image signal is 
sampled by two A/D converters, using two 
40 sampling clocks of the same period but 180* 
out of phase with each other and the output of 
one of said A/D converters is delayed for one- 
half period of said sampling clocks to generate 
a pair of digital gradation data of the same 
45 timing; 

a step wherein, in said standard definition 
display mode, said input analog image signal 
is sampled by at least one of said A/D convert- 
ers, using one of said sampling clocks to gen- 
erate a pair of equal pieces of digital gradation 
data; 

a step wherein said pair of digital gradation 
data is converted by signal processing means 
into a pair of analog gradation data; 

a step wherein said pair of analog grada- 
tion data is subjected to serial-to-parallel con- 
version by a source driver and said pieces of 
data thus converted into parallel form is sup- 
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plied in parallel to column lines of said display 
panel; and 

a step wherein row lines of said display 
panel are selectively driven by said gate driv- 
er. 5 

11. The method of claim 10, wherein said row 
lines are driven by said gate driver, one by 
one, in said double definition display mode. 

10 

12. The method of claim 10, wherein said selective 
driving of said row lines by said gate driver in 
said double definition display mode is per- 
formed by alternating driving of . sequentially 
selected one of odd-numbered row lines and is 
driving of sequentially selected one of even- 
numbered row lines for each field. 

13. The method of claim 10, wherein in said dou- 
ble definition display mode said driving of se- 20 
quentially selected said row lines by said gate 
driver is performed by switching, for each field, 
between sequential selective driving of every 

two adjacent row lines at intervals of two lines 
in a certain frame and sequential selective 25 
driving of every two row lines skipped over in 
the preceding frame. 

14. The method of claim 11, 12, or 13, wherein in 

said standard definition display mode said driv- 30 
ing of said row lines is performed by repeating 
simultaneous driving of every two adjacent row 
lines. 

15. The method of claim 10, wherein said step of 35 
converting said pair of digital gradation data to 

said pair of analog gradation data includes a 
step of generating first and second sets of 
multi-level voltages which reverse their polarit- 
ies for each frame and are reverse in polarity 40 
from each other, and a step of selecting one of 
said multi-level voltages of each of said first 
and second sets in accordance with one and 
the other pieces of said pair of digital gradation 
data and outputting them as one and the other 45 
pieces of said pair of analog gradation data. 
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0 An input analog image signal is sampled by first 
and second A/D converters (15, 16), using first and 
second sampling clocks (SCK1 ,SCK2) of the same 
period, to obtain pieces of digital gradation data. In 
the case of a double definition display mode, the 
first and second sampling clocks (SCK1.SCK2) are 
made 180' out of phase with each other and the 
output of the first A/D converter (15) is delayed for 
one-half period, by which its timing is brought into 
agreement with that of the output of the second A/D 
converter (16), thus obtaining a pair of digital grada- 
tion data. In the case of a standard definition display 
mode, the first and second sampling clocks 
(SCK1 ,SCK2) of the same phase are used to obtain 



the outputs of the first and second A/D converters 
(15, 16) as a pair of digital gradation data. The pair 
of digital gradation data Da and Db is converted by a 
signal processing part (20) into a pair of analog 
gradation data Aa and Ab, which is subjected to a 
serial-to-parallel conversion by a source driver (13) 
to be supplied in parallel to data lines. In the double 
definition display mode the gate driver sequentially 
drives odd-numbered row lines in odd-numbered 
frames and even-numbered row lines in even-num- 
bered frames. In the standard definition display 
mode every two adjacent row lines are simulta- 
neously driven in a sequential order. 
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